Objective: To determine the level of overall diet quality, sociodemographic predictors of diet quality, and the association between diet quality and body weight status in a nationally representative sample of preschoolers.
Introduction
Childhood obesity rates have been increasing dramatically in the past decades in the USA while preschooler's intake of fruits and vegetables decreased. 1 The number of children at risk for overweight (85th-94th percentile on the body mass index-for-age growth charts) or overweight (≥ 95th percentile) has reached epidemic proportions. 2 In addition to the health problems associated with high body weight, overweight children might also be at increased risk to suffer from the metabolic syndrome. 3, 4 To help prevent childhood obesity, it is of pivotal importance to understand the relationship between modifiable lifestyle factors, such as dietary intake patterns and the development of excessive body weight. Dietary intake levels of some food groups or nutrients have been found to be associated with overall diet quality or body weight status, 5, 6 however, there is lack of data indicating a direct association between overall diet quality, measured with a composite diet quality assessment tool specifically designed for children, and body weight status in American preschoolers. In an effort to close this gap, the aims of this study were to determine the level of overall diet quality in American children and to ascertain the sociodemographic predictors of overall diet quality, as well as to examine the association between diet quality and body weight status.
Methods

Sample
The Centers for Disease Control and Prevention (CDC)
conducts the National Health and Nutrition Examination Survey (NHANES, http://www.cdc.gov/nchs/nhanes.htm), an ongoing survey using a multistage, stratified area design to obtain a sample of respondents that is representative of the civilian non-institutionalized American population. Certain population groups were over-sampled (e.g. young children, adolescents 12-19 years, African Americans, Mexican Americans, and low-income persons).
Although the data are released in 2-year increments, they were designed to be merged to multi-year data sets. 7 The first 4-year data (NHANES 1999 (NHANES -2002 food groups (in cups or ounces per day).
Overall diet quality was assessed using the Revised Children's Diet Quality Index (RC-DQI), 12 an index based on national dietary intake recommendations, such as the Dietary Reference Intakes (DRI) for macronutrients and iron, 13, 14 MyPyramid, 11 and position papers from the American Dietetic Association (ADA), 15 and the American Academy of Pediatrics (AAP). 16, 17 The RC-DQI has a maximum of 90 points and consists of 13 components: added sugar, total fat, linoleic and linolenic fatty acids, docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), total grains, whole grains, vegetables, fruits, 100% fruit juice, dairy, and iron intake, as well can be based on the assumption that 1 ounce is equivalent to 28.4 g (e.g. one slice of bread) and one cup is equivalent to 240 mL.
The proportion of children who met the dietary income recommendations of the components and scored maximum points for each component was calculated and results described for the total sample. Total RC-DQI score as continuous value from zero to 90 points was the dependent variable in all linear regression models, whereas total RC-DQI score was divided into quartiles to examine the association between diet quality and the prevalence of childhood obesity.
Anthropometric data
Measured height and weight as well as calculated BMI are available in the NHANES data set. Weight (kg) was obtained as the individual stood on a digital scale. Standing height (m)
was measured with an electronic stadiometer in individuals who were at least 2 years old. CDC's BMI-for-age and sexspecific growth charts were used to create four distinct groups: underweight (less than 5th percentile), healthy weight (5th to 84th percentile), at risk for overweight (between the 85th and 94th percentile), and overweight (≥ 95th percentile). As expected, anthropometric data was not normally distributed, thus, the method by Cole et al. to construct a smoothed curve using the calculated power (L), mean (M), and coefficient of variation (S) to provided standards in terms of centiles was employed to determine children's normalized growth centile standards. 18 Binary dummy variables were created that equaled "1" when children were classified as at risk for overweight or overweight and "0" otherwise.
Statistical analysis
All analysis was conducted using complex sample survey The status of overall diet quality was described by calculating the population's mean RC-DQI score and the percent- 
Results
The descriptions of the samples can be found in Table 1 .
The proportion of non-Hispanic white children was highest in the total sample while more children in the low income samples were Mexican American or non-Hispanic black. Within the income-eligible subpopulations, approximately half of the children were enrolled in either program. One third of the preschoolers were either at risk for overweight or overweight.
The overall diet quality of the population was low, in that the population average total RC-DQI score was 59 points, ranging from 21-86 points of the total maximum of 90 points (Table 2 ). With the exceptions of the DHA and EPA, the total grain, or the iron component, less than half of the children met the intake recommendations of the RC-DQI components and achieved full points. Only 8% of the sample met the intake recommendation for whole grains.
Hausman-Wu test results showed that there was no endogeneity between the available sociodemographic variables and the children's household income variable. Thus, additional stratification by income-related covariates was not necessary. The regression models indicated that increasing age predicted lower overall diet quality (Table 3) while MexicanAmerican preschoolers had significantly better diet quality 
Discussion
Results of this study showed that preschooler's diet leaves much room for improvement. Particularly the consumption of whole grains, fruits, vegetables, and dairy were suboptimal. 21 A 1-year increase in children's age was associated with a loss of approximately two points in the diet quality index.
This phenomenon is likely due to the increasing independence in food choice and dietary intake with increasing age.
While most children are still in the parent-guided transition period to table foods at 2 years of age, 22 older children will have become independent eaters and choose their own foods for meals and snacks. Diet quality and obesity in preschoolers -Kranz S et al.
Increasing family income was predictive of better diet quality scores in the total population. The significance of family income on preschooler's diet quality was removed in the two low-income subpopulations. This finding indicates a threshold level in the relationship between family income and dietary intake. Family economic power has been found to predict the purchases of foods with high nutritional quality, such as whole grain starches (e.g. bread and pasta), fresh fish, fruits and vegetables. 23 However, it has been found that WIC or Food Stamp Program participation increase the diet quality of children. 24, 25 Hence, federal food program participation appears to reflect change in behavior in that more resources are spent on the purchase of high-quality foods. (TV score + energy score)/2 based on individual scores as follows: TV score: ≤ 2 hours of TV = 10 points, if more than 2 hours point loss based on 10 points -(time spent TV/2 hours) * 100%. EER score = 0.9 * EER to 1.1 * EER = 10 points, if total energy intake not ±10% of EER: overconsumption of kcal 10 points -(actual intake/highest EER range point) * 100%, underconsumption 10 -(actual intake/lowest EER point) * 100%.
Although this study was limited by the use of one single 24-hour recall to estimate usual intake, it is based on a large, nationally representative data set that was designed for nutrition and health surveillance in the population. Clinicians may choose to ask the caretakers of young children to report children's usual diet, rather than intakes of the previous day alone.
The results presented here contribute new evidence to the diet-childhood obesity relationship. Although this study focused on the difference between children with Hispanic and non-Hispanic background, results are applicable to other ethnic groups as well in various countries. While large proportions of children in South America might not be considered Mexican but non-Hispanic white, dietary intake patterns are likely more similar to the Mexican American population than to non-Hispanic white American children. Furthermore, nonHispanic white American children have similar rates of childhood obesity as Latin American and Caribbean children. 28 However, while parts of the preschool population in South Diet quality and obesity in preschoolers -Kranz S et al.
America are at high risk for childhood obesity, others are likely to develop medical manifestations of malnutrition, such as stunting.
While several foods and nutrients have been found to be associated with chronic disease risk and dietary intake recommendations are based on these diet-disease relationships, 29, 30 the direct association between lower diet quality and increased risk childhood obesity was demonstrated in this study. Results emphasized the need to improve overall diet quality, for instance by increasing whole grain, fruit, and vegetable intake. Certain ethnic groups are likely to have much better diet quality than others, especially in the low-income population. Hence, low-income children should be encouraged to consume foods common in the traditional Mexican diet, such as high proportions of fruits and vegetables to increase overall diet quality and decrease the risk for childhood obesity in preschoolers. AAP = American Academy of Pediatrics; AMDR = acceptable macronutrient distribution ranges; DHA = docosahexaenoic acid; EAR = estimated average requirement; EER = estimated energy requirement; EPA = eicosapentaenoic acid; RDA = recommended dietary allowance; WHO = World Health Organization. * Continuous score for overconsumption: maximum points -(actual intake/ideal intake) * 100%; underconsumption (actual intake/ideal intake) * maximum points. † Dietary guidelines MyPyramid food group patterns by age-appropriate energy patterns. ‡ Categorical variable based on less than EAR (0 points), EAR-RDA (5 points), or meets RDA (10 points). § Combined score: (TV score + energy score) / 2. TV score: ≤ 2 hours of TV = 10 points. EER score = 0.9 * EER to 1.1 * EER = 10 points, otherwise for overconsumption 10 points -(actual intake/highest EER point) * 100%, for underconsumption 10 -(actual intake/lowest EER point) * 100%. AAP = American Academy of Pediatrics; AMDR = acceptable macronutrient distribution ranges; DHA = docosahexaenoic acid; EAR = estimated average requirement; EER = estimated energy requirement; EPA = eicosapentaenoic acid; RDA = recommended dietary allowance; WHO = World Health Organization. * Continuous score for overconsumption: maximum points -(actual intake/ideal intake) * 100%; underconsumption (actual intake/ideal intake) * maximum points. † Dietary guidelines MyPyramid food group patterns by age-appropriate energy patterns. ‡ Categorical variable based on less than EAR (0 points), EAR-RDA (5 points), or meets RDA (10 points). § Combined score: (TV score + energy score) / 2. TV score: ≤ 2 hours of TV = 10 points. EER score = 0.9 * EER to 1.1 * EER = 10 points, otherwise for overconsumption 10 points -(actual intake/highest EER point) * 100%, for underconsumption 10 -(actual intake/lowest EER point) * 100%.
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